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RADIOLOGICAL HAZARDS OF TRITIUM AND
PROMETHIUM- 147 ACTIVATED LUMINOUS DEVICES

ABSTRACT

The hazards associated with tritium and 147Pn activated luminous
devices are considered. The primary hazard of tritium is due to the
amount of tritium oxide which may be present. Eleven capsules were
investigated for initial tritium purity and also for the amount of
oxide that may be released in the event of an accidental breakage in
room air. It was found that as much as 30% of the activity may be in
the oxide form. The primary hazard of lh7Pm is that of ingestion and
the resulting dose tc the LLI. An examination of & reasonable hypothe-
tical radiological accident indicated that a dose exceeding 5 times
the maximum permissible intake could be received from either a tritium
or a 1“7Pm luminous capsule,
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I. INTRODUCTION+

T A PR

The hazards associated with radio&stive luminous devices depend,
in general, on the particular isotope, the activity per devic£’3
and the method of fabrication. As late as 1958, according to a survey
published in Nucleonics,L as many as 1l installations in New York
state were using radium as the activator of phosphors in luminous dials.
Tritium was the only other radicactive isotope reported as belng used
in the New York luminising industry at that time, ' i

oy,

During 1963 and 1964 a survey wes made cf the working conditions
and environmental contamination in luminising establishments in the
United Kingdom. Vennart, > in discussing this survey, reported that
seventy-five (75) pecple from some 23 establishments utilizing radium
were measured for body radioasctivity. The survey indicated that about
40% (30 people out of 75) had radium contents between 0.0l and 0.09
wCi (i.e. between 109 and 90% of mpbb) and two contained 0.1 uCi or
more. He reports that the use of tritium in the luminising industry
was begun about 1963, and stated that during 1963-1965 measurements of
the tritium in the urine of workers frequently indicated contents
greater than the mpbb (mpbb ~ 2 mCi of tritium), sometimes two or three
times the mpbb. He also reported that at least two factorles abandoned
tritium and returned to using radium because of the objections of the
workers to submitting urine samples. Vennart presented a strong case
for the continued us: of radium because of the relative ease of

biological monitoring.

The problems associated with radium activated luminous devices are
vell known.6 The U.S. Army has essentially banned further use of
luminous devices activated by radium paints, mainly because of tne
problems of leakage and contaminaticn and radiation damage to the
phosphor at high luminosity levels. Major problems have also been

+ Portions of this report were presented at the 1968 Health Physics
Society Annual Meeting, Denver, Colorado, June 18, 1968,
* Superscript numbers denote references which may be found on page 37.
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sncountered in the use of tritisted luminous paints; experience has
shovm that, in general, tritium is not incorporated in a chemically
inert form in optically useful plestica such aa polystyrene. > At the
preaent, great emphasia ia belng given to the use of tritium in the
gase\s form aa an activator of phosphors in heat-sealed glass type
luminous devices. In addition to gaaeous tritium, one now has a cholce
of at least a half dozen different radioactive isotopes as the
activator for self-luminous devices and at least as many different
variations in the method of febrication. This present investigation
is concerned only with evaluating the hazards presented by tritium
(gaaecus) and promethium (1"7an) as phosphor activators. Further,

our main concern 1a for the user personnel, rather than for the
luminising workers.

lamincus capsules manufactured by different processes have been
svaluated for potential inhalation and skin absorption hazards in the
case of tritium, and ingestion hazards in the case of 47Pm, A
photograph of some typical devices is shown in Figure 1. Although
the tritium gas, when sealed in a capsule, may be of high purity,
oxidation may occur between the gas and the phosphor or other impurities
in the capsule, Quantitative evaluation of the amount of tritium
axide present is essential, Osborne.! has shown that tritium oxide
is readily taken into the body through the lungs and skin. The
oxide is considered 100 to 1000 times more hazardous than the gaseous
3H2. 8 In eddition to the HIO (H3HO) which initially may be present
inaide the capsule, catalytic contaminants may be present external to
the capsule which could Jin the event of accidentlal breakage lead to a
significant conversion of tritium gas to HIO under "normal' atmospheric
conditions,

Eleven tritium gas activated lumincus capsules (glass) were
broken in a reaction test chamber and the reaction products analyzed
for tritium oxide, Test chamber conditions during 5 of the reactions
simulated the conditions one might encounter in the event of an
accidental breakage in the field.

10
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The relativa ingestion hazards between 14TPm radicactive luminous
devices manufactured by two different processes were also investigated.
In this case the investigation simulated the maximum hazard which might
occur 1f the device were crushed and injested.

Routine leakage studlies were also mede on 172 luminous devices,
representing both 34 and 11‘7&. These studies were directed mainly
toward evaluating the contamination problems to be expected.

II. TRITIUM

A. Discussion of Hazards

The hazards presented by the use of tritium gas in luminous glass
capsules depend, very strongly in the event of tritium release, on the
fraction of the total activity which must be considered as tritium
oxide. The immediate presence of tritium oxide is of primary importance
because of its almost complete absorption if inhaled and almost equal
intake through the skin. In addition, because of its greater molecular
weight, (s 22) the relatively heavy tritium oxide will mix quite well
with air (m.w. a 28) and thus will be removed only as the normal air is
circulated. On the other hand, gasecus tritium would readily diffuse
upward and away from user personnel under normal conditions. In fact
the radiation safety perscnnel for operation HENRE S  gtated that

"due to its preponderant tendency to diffuse upward in free air, large
releases of tritium (up to 1000 curies/hr) at any significant al itude
(> 100 ft) would not give rise to ground-level concentrations above the
MPC, for tritium”. The Radiological Health H.ax'ui.book8 gives the MPC
as 2 X 107 #Ci/cc for 31-12 O and the MPC, as 2 X 10°3 uCi/ce for 3}I2.

The release of tritium at ground level, or ir a building, would
not necessarily result in immediate dilution due to diffusion. For
example, in a study at Los Alamos 10 it was found that the motion of
tritium inalde a closed buillding was contrclled primarily by turdulent
air currents, and was therefore quite unpredictable, For these
reasons, knowledge of the fraction of the total activity which must
be considered as tritium oxide is essential. In gaseous tritium
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activated luminous devices fabricated from glass, tritium oxide (HTO
or T,0) may be formed by the presence of possible catalysts in the
phosphor since the gas must be placed in intimate contact with the
phosphor due to the very low beta energy of tritium. The oxide can
also be formed very slowly by oxidation or exchange with hydrogen in
water vapor if the tritium gas is released into the air by breakage of
the sealed container, The luminous container for tritium must consist
of a transparent material; glass appears to be the best choice.
Coffin,ll of Los Alamos, reported at the llth Health Physics Society
Meeting that plastic materials act as a "reactor in which tritium gas
is transformed into HIO vapor". Furthermore he states that the HIO
can diffuse through the plastic at least 100 times faster than the tri.
tium gas. All of the gaseous devices reported -n in this preseantation

contained the tritium (and phosphor, when present) heat-sealed in glass.

The diffusion rates of tritium through glass have been calculated and

are considered unimportant at room temperatures.

The conversion of "pure" tritium to tritium oxide due to both
oxidation and exchange with water vapor has already been investigated.
Dorfman,lz using pure reactents and a mass spectrometer, has studied
the reaction between HT and Op at relatively high tritium concentra-
tions, and found that the initial rate was directly proportional to
the tritium gas pressure with a first order reaction rate constant of
1.2 X 1074 min."1,
will be half converted to HTO in about 96 hours. Dorfman's data are
for HT and not T, which should be the initial form of the tritium in
the lum devices in this investigation. If the beta energy effects
are similar to those observed for X-ravsl3 the reaction rate for T,
could be faster, but probably would not be greater than twice the HT
value, Therefore, the half life for the tritium exchange would still

This means that any given concentration of HT in 02

be about 48 hours.

Casaletto et allu have studied the oxidation of tritium at
lower tritium concentrgtions and in atmospheres of O, and dry air.
Second order reaction rate constants of 1.2 X 1073 ml/mCi hr in 0, and

13
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0.62 X 1073 ml/mCi hr in dry air were determined, These rate conatants
spply to tritium concentrations from 1 X 1072 mCi/ml to 1 mCi/ml,

The .nvestigation of Casaletto et a.llh also included a study of
the reaction rates dependence on the O; partial pressure. The reaction
rate was unaffected even when no oxygen was initially sdded. Apparently
the tritium is capable of reacting with small concentrations of oxygen
vresent as impurities, The investigation also showed an increase
by a factor of approximately three in the reaction rate due to the
presence of water vapor. Reactions with ordinary atmospheric air were
generally the sams as with dry air.

Yang and Gevantman, 3 using pure reactants, a rather involved
condensation procedure for trapping out the HIO, and & liquid scin-
tillation spectrometer for counting the tritium, have studied the
isotopic exchange between tritium and water vapor. A second order
reaction rate constant of 1.5 X 103 ml/mCi hr was determined.
Reaction half life times are shown in Figure 2 for both the oxidation
rates of Casaletto et al and the exchange rate of Yang and Gevantman.
Also included in Figure 2 is the first order reaction rate data of
Dorfman which appliea to the case of a relatively high initial tritium
concentration, The continuous lines represent the regions actually
investigated; the dashed lines are extrapolations.

Although the reaction half-life times are negligible for large
volumes (or low tritium concentrations), such as the case in the event
of the breakage of a capsule containing a few millicuries in a room, it
should be noted from Figure 2 that where relatively high tritium
concentrations occur and assuming the presence of an oxidizer, the
conversion to HIO or T,0 can be expected,

The present investigations have been directed primarily toward
a determination of the fraction of the total tritium activity which
should reasonably be considered tritium oxide in the event of accidental
breakage of the glass capsule in ordinary air. The activity per capsule
may range from 103 to 10 Curies. A single piece of military equipment

may contain numerous capsules. 14




{. TRITIUM EXCHANGE WITH WATER VAPOR (YANG AND GEVANTMAN)

2. TRITIUM OXIDATION IN OXYGEN (CASALETTO, €T AL).

3. TRITIUM OXIDATION IN DRY AIR (CASALETTO, ET ALL

A TRITIUM CONCENTRATION AS EXTRAPOLATED FROM OORFMAN'S DATA.
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B.

imentel Procedures

. The method of collecting the HIO or 1‘20 in our present investi.
gations consisted of a simple "freeze out" system. The apparatus is
shown in Figure 3 and a schemat > in Figure 4. A luminous capsule was
mounted on the capsule holder ani positioned in the all.glass Test
Chamber under controlled ambient conditions. Possible contaminants
in the Test Chamber (s 700 cc) included rubber "0" ring seals used
around the hammer and capsule holder, silicone grease used for main-
taining the vacuum, epoxy used for positioning the "0" rings, and
in some cases a cellulose nitrate-base cement for holding the capsule,
The luminoua capsule was broken by striking the outside and of the
=ovable hammer which in turn strikes and breaks the capsule.

Prior to breaking the capsule, the gystem, excluding the Test
Chamher, was evacuated to about 1072 torr by a fore pump; & glass bead
trap was placed between the fore pump and the system. The trap was
cooled to liquid nitrogen temperature and served as a collector of
back-diffusing hydrocarbon vapors from the pump, thus keeping these
vapors from contacting the tritium system. Capsules were broken in the
presence of room air and “dry" nitrogen. After the desired reaction
time (generally 5 minutes), Stopcock V2 was opened allowing the reaction
products to flow through Trap 1 at room temperature, Trap 2 at liquid
nitrogen temperature, and into the Ballast (3 X 10% cc). Both Traps
were filled with glass besads to aid in the trepping process. Trap 1
at room tamperature served as a control, i.e.,, as an indication of
system cleanliness; surface contamination due to greases would readily
adsord tritium,

Btopcock Ve was left open for 3 minutes to attain equilibrium
conditions. At the end of 3 minutes V6 was opened to admit N to bring
Traps 1 and 2 to within a few millimeters of atmospheric pressure,

Valve V2 was then closed, Traps 1 and 2 removed, and all room temperature
components sealed with flexible tubing pinch-off clamps. Trap 2 was
sealed at one end; the other end was connected to a tube which ran
through a column of about 24 cm of liquid scintillator'’ (POFOP). The

16
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expanding gas from Trap 2, as it warmed tack to rocm temperature, was
then permitted to bubble throvgh the POFCP,

The remaining activity in the Traps was measured by first "wetting"
the beads with 10 ml of ethanol followed with a rinse of 10 ml of POFOP,
The ethanol and POPOP were then poured into a vial labeled Rinse 1, At
least two more additional rinses were made with POPOP. The activity
in the vials was dilutcd as necessary and then counted in & calibrated

liquid scintillation spectrometer,

The tritium which reached the Ballast, as well us ine tritium
remaining in the Test Chamber, was measured by flushing the tritium
out through a Tritium Air Monitor. It was found that the rate at which

g

the tritium was removed was proportional to the amount present, A plot
of the tritium concentration vs time is shown in Figure 5 for one of the
tests. The total activity was found by extrapolating to zero time and
then integrating the exponential function from zero to infinity. The
tritium remaining in the broken capsule section was also measured by
placing the broken sections in a vial containing POPOP.

Typical data from all the rinses of the cold and warm Traps, the
Ballast flush, the Test Chamber flush and the Capsule residue have been
tahulated as shown in Table I, Shown in Table II, is a summary of the
results. Luminous capsules containing gaseous tritium were broken in

atmospheres of both room air and nitrogen.

C. Results and Discussion

To estimate the hazards from gaseous tritium devices we assume
that the mctivity found in the liquid nitrogen trap (see Pable II) is
due to the "freezing-out" of tritium oxide. To substantiate this
assumption we have evaluated the effect of temperature on the adsorption

of tritium. In this temperature dependence study three traps were used
in serles and at different temperatures. The reaction products were
allowed to pass through first, & trap at room air temperature, second,
a trap at a solid CO, - acetone mixture temperature, and third, a trap
at liquid nitrogen temperature.

19




Cs Co .-A'
Co® 332104 £89% uCi/u®
A2 0.242 min~!

ACTIVITY, C, (uCi/u®)

LRI BLES
B et o WG A I ot RS e A bl T p—"

ot
C
X
I (0]
i \
| \“’ o J
I o
\ s
\
) 4 _q q 1 \ )
IO& %_ lk 18 20 28 30 '\ 38 3
TIME, 1, (MIN) 1

Figure 5. Ballast Flush (Test 8)

20




A - DA e o

e e e

$330L 1ewldfl wesy padoaonay £3TATIvy JO Ademms T 31Qul

$4€-g1 $1n-02 $012-4n $n-lz gnn-Lt paLascoyy aPWIUIILI
. 1 405 -
IMgOC L OE1T Im YOS ; O'E1 001+ 0°01 oM 302 ; O'ET 1M 302 § O°t1 (*915w) junomy 1uIITUL
ML JQUE oMl ; LU FOME6 $/9°6 1mEg Ignn oM eeZ 5 gsf o
eet Sit 091 902 911 anpysay atnsde) uanoag
oNg-051 026-005 §6°0-14'0 02q~0g2 0:g-05n ysnyg Jaqumy) 193
O181-0051 0gee-09.1 0f6g-01£L 00LC-0022 one2-0n9 ysnid 3IwTIvg
/10070 ot 0 120 60°0 1o uojsuedxy deal PIC)
L°§i Lee ong ofot 5°0g 1e30] dway
ICH 01 1830 PIOs ‘OT3wY
Soqy 0°92 991 05°1 2°'91 1930] paivwiag
€N 162 19°1 90" 1 68°61 1930l asayy
£l e2” n asuty
g1 6" 30° 91" 9% g esuyy
8's 9°€ £2- Sn” s0°2 2 oauly
8-t 602 2t 2t0 00°E1 1 2807y dua] wey
00L ocs 061 Gintl SOt 1930, pajww1ysg
569 €8s 95¢1 gont $621 1vi0] @suly
91 9 n o8uTy
9t 91 79 6. of € asuty
28 98 161 062 691 2 asuy
ToN 16S 107 1gn 1o1 $601 1o £gOl 1om 0601 1 9suty deal p19d
yeco-aad
agwITd o W ('9 uwayod w21 uBayo wopyipso) deagl pred
69 69 9L 19/, ogl (%4 Jo mm) aunssaid 19301
{1/8u)
£00°0 ©3 106°0 (xo2)p00" 0 701 £°01 9L £Lyyouxg Jodep 13394
oy gy 4§8 WOt 119 Wool 18 WOCd ataydaowyy 1squey) 333L
(uctivIqire))
6 183] g 174l o1 133§ l 18- 9 ‘33 3UOT)TPUO) WR3I3AS

2l




‘Pajou SBA JUAWDUVYUD OU JIAAMOY

‘0139991 20u3Mms o13ATRIRO aTqyssod souwqus ® 03 pIuUBYEIpP FBA 31893 STYL °2 puv T sdely 03U} PILIIFEURa]

sea lodea d23ua Jo Bm §°9 Inoqe g 383 J04

PIUBITO 3134 SPRIQ FRVTR g

-2t ueato £06°0 93 T00°0 x TT 399]
(#msde) aBpTyH ¥¥Q)
UOTIRIQTTE) W938AgG
9T - £1 weeTo 70T a1y oT 3189y
(msedey aBpTy Xw0)
UOT3RIqITED w394
9 - 62 TeITO L't o3 L9 Iy (suna g) 8
ITY wooy
$2 - o2 1900 aad 0% % 6°9 (xwm) goo*0 oy £ 3893 |
uot3ovay
adwzamg ST3ATWIED
% - g2 ueaTo £00°0 03 T00'0 X 6 1893
T - OT weaTd (x=m) 900°0 N £ 399
£31amg TOTITUL
~deay FupIiaing UOT3TPES) /% we 1sa],

‘3833 YOWa J0J pPISn 3194 SPEIq AU DUS IUITAX YITA Bugsuta £q
‘B1833 & Jo £ J93g® PaowTdas aaam sder) syl ‘ToUBY3d puw J93eA PITTTIBID
‘prow S1.mIms -duod ‘auwTix qita uysula £q paueaTd axom sdeaj syl ‘oowlansg S8WT8 Y3 JO UOTRTPUOD Iq)
SRNIVOTPUT UOTITPUO) wvjamg deay pro) ¢y ‘wu IIpun ULALI ST 3893 YO 10} da3qdsomye Wqueyo 3833 Iy

£3TAT30¥ 03 dRIl PTO) UT paJan
~Ssay £ITATIDV Jo aWwiuadtag

a0jamg deay pron

£318uaq xodup xaqmp

3993 sdwyweig anede) WNTITIL Jo AIwesmg IT eTqug




As with the earlier tests a negligible amount of activity was trap-
ped out in the trap at room temperature. From 7 to 8% of the activity
which entered the trap at the dr; ice temperature was trapred out while
only about 1% was trapped out in the trap at the liquid nitrogen temper-
ature. Although 7 to 5% of the activity trapped out at the dry ice tem-
perature was less than that for any of the 5 runs in room air, as sum-
marized in TableII ir which only a liquid nitrogen cold trap was used,
this variation might well be due to a variation among different types of
tritium devices. The luminous capsule used in the dry ice run was sup-
Plied by the same coxpany as were those used in the earlier tests but
was of a different configurstion .and contained a different "nominal"
amcunt of activity. Thus we feel that the results of this test show
that first, adsorption of pure tritium in the liquid nitrogen traps is
negligible (this is to be expected since the critical temperature for
tritium is probably within a few degrees of the critical temperature of
hyirogen which is 33°K), and second, the possibility of a weak van der
Waals' catalytic reaction caused by adsorbed surface impurities is also
probably of minor concern, again, as indicated by the relatively small
amount of activity recovered from the liquid nitrogen trap. We therefcre
conclude on the basis of all tests made to date, that when a luminous
capsule containing tritium is broken, pasrticularly in room air, a sizable
fraction of the total activity should be considered to be in the form of
tritium oxide.

Unexplained in Table Il is the rather large amount of activity
trapped cut in the two tests with the capsules obtained from the OQak
Ridge National Laboratory. The radioactive purity of these capsules
was stated to be initially greater than 99%. If our system actually
converts some tritium to the oxide form, then the amount trapped out
from the Oak Ridge Capsules represents an "upper limit" correction
to the amount of tritium oxide recovered in the cold trap for the tests
with the luminous capsules, Taking this in to account and averaging

the activity recovered from the cold traps from the room air tests
vith the luminous capsules, we still find that at lesst 25-30% of the

23




total ativity released should be considered as tritium oxide,

The initial purity at the time of breakage of the luminous capsules
can also be estimated following the ahove procedure for those capsules
broken in a nitrogen atmosphere. For the three capsules tested, we
find that the amount of tritium oxide initially present may range from
a negligible amount, i.e. about the same as the Osk Ridge capsules, to
as much as 19% (Test 9).

Tests to date have been limited to capsules containing only small
amounte ( ~ 10 mCi) of tritium. Extrapolating our present data to the
curie level tritium capsule, we may estimate the maximum radiological
hazard to be expected on the basis of the values given by Lawrence
et 613 for the maximum permissible intake (MPI) for a single acute
exposure, Assuming that the breakage of a curie capsule releasges about
100 mCi of tritium oxide in a small volume of several cubic meters
(~2X 103 liters), such as in a small military vehicle, we may use
Osborne's 7 results to calculate the dose, Using an average value from
his results for unprotected subjects of 15 wCi/min per wCi/l, we obtain
an intake rate of about 750 uCi/min, Of course, this would not
continue for very long since our initial average concentration would be
only about 50 pCi/l. 1In several hours it mignt be expected that our
subject might assimilate a maximum of some S0 m7i of the total 1 curile
released. Alihough this value appears quite high, Donth and Maushartz
have reported an intake of up to 10% of total tritium activity in an
incident at the Karlsruhe Nuclear Research Cente- involving the produce-
tion of luminous paint. According to Lawrence et a.l3 a single acute
intake of 15 mCi of tritium will give a dose of 5 rem in one year.
Brodsky and Beardl have estimated that a single intake of about 50 mCi
of tritium oxide will give about ¢ rem to the whole body within cne year.
Thus, on the basis of Lawrence's study and our present results, we might
anticipate maximum exposures of 10 rem or more from accidents involving
multicurie gaseous tritium luminous devices in confined areas.

24,
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ITI[, PROMETHIUM DEVICES

A. Introduction

The 1 7Pm luminous devices which were studied were fabricated by
two different methods. Type I consisted of lu?Pm imbedded in ceramic
microspheres, mixed with a phosphor, and contained in a glass carsule,
Type II consisted of lu7Pm and a phosphor incorporated in a plastic rod.
The primary purpose of the present study was to estimate the relative
potential assimilation hazards between the two types in the event of an
accident., Wipe tests between the two types indicated no removable
activity for the Type I capsule. For the Type II capsule the removable
activity exceeded 0.001 uCi for all the rods investigated.

B. Experimental Procedures

The luminous devices were broken by two different procedures:
(1) the capsule or rod was held with a pair of pliers and sheared with
a second pair of pliers, one fragment of the broken capsule or rod was
then crushed with a pair of long nose pliers; and (2) the entire capsule
or rod was crushed with a pair of pliers to produce a larger number of
smaller particles than obtained from the first procedure. In both
tests the device was immersed in 100ml of distilled water while it was
broken. The fragments from each of the broken capsules and rods were
subjected in succession to a water immersion test, a gastric Juice teet.l7
and a concentrated hydrochloric acid test. Test conditions, including
immersion times, are shown in TableIII, The capsules are immersed in
the test liquid which was contained in a Buchner type disc funnel as
shown in Figure 6. At the end of the immersion periocd the liquid was
pulled through the funnel by an aspirator. The nominal maximum pore
size diameter of the funnel, as given by Corning Glass Works, is 0.9
to 1.5 . The socak with the test liquid was followed by at least two
rinses to reduce the effects of cross contamination between successive
liquids. A new funnel was used for each fracture test. The test
liquid and rinses were sampled for activity by evaporating a known
amount on a planchett and measuring the pctivity with a wide B type

instrument. 25
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7 The eatimated total activity leached by the three test liquids is
given in Teble ITI, The removal of the distilled water from the initial
soak served to eliminate most of the smaller fragments from passing thru
the filter during the gestric juice and concentrated hydrochloric acid
tests. The second breakage test showed an increase in activity, as
expected because of the additional crushing, for all test conditions
for the device with microspheres. The distilled water test and the
concentrated hydrochloric acid test for the Type II rods with the lh?Pm
and phosphor in plastic showed an unexpected decrease. In the plastic
device, during the distilled water test, & yellow substance formed on
the unfiltered side of the funnel; conceivably this substance, possibly
the phosphor, may have inhibited the 1u7Pm from passing through the
funnel. Blocking of the filter also occurred during the acid test.

The microspheres were examined for possible fracture and particle
size. The top surface of the Buchner filter used for the Type I leach
test was gwabbed with a glass slide coated with optical grade oil.

The slide was mounted on a microscope and examined for round objects.
Figure 7 shows two round objects and two or three curved segments sug-
gesting they were broken from a round object. If the spheres were broken,
there probably were broken particles sufficiently small to pass through
the filter. However, these smaller particles would have been eliminated
after the initial rinses with distilled water and would not have inter-
ferred with the activity leached from the gastric Jjuice test. Figure 7
shows a second picture of one isclated round object. The approximate
dianeter of the round objects for both pictures is 30 u.

C. Results and Discussion

The amount of activity leached from the fractured devices repre-
sents an indicetion of the me:-imm level of 2*7Pm which 1s available
for assimilation by the btody following fracture, such as grinding,
chewing, etc., and subsequent swallowing. The fraction agsimilated
into the total body, according to ICRP Publ. 2,18 is lO'u. Therefore,

to estimate the percentage of the original caepsule activity assimilated

28
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B
Figure 7. Round Objectes Photographed from a Swab of the
Buchner Funnel Containing Microspheree. The
approximate diameter in both pictures ie 30u.
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into the body, the percentage leached by the gastric juice as shown in
Table III ghould be multiplied by 10-%.  Tme adjusted percentage assimi-
lated values are also sh..n in Tedle III,

An additional indication of the amount of “'7Pm which might be
assimilated can be obtained from an extrapolation of studies performed
with ratszs at the Southern Research Inatitutelg. Rats were force fed
microspheres encapsulatud in gelatin. The microspheres are similar to
the Type I capsules described above. The entire capsule reached the
stomach where the gelatin rapidly dissolved. The animals were sacri-
ficed at various times as shown in Table IV and examined for activity.
The alimentary tract was intentionally excluded from the carcass.
Activity found in the carcass and urine represent a measure of the
activity actually absorbed in the body, even if only temporarily as in
the case with urine, while most of the residue activity remaining in
the alimentary tract should still be eliminated. This was the casge
with the two animals sacrificed at 96 hours where the activity found
in the alimentary tract was only 5 - 7 % of that found in the carcass
plus urine., Animal No. 4 revealed an activity substantially higher

then the other anims. s which may have been due to slight hemorrhaging
immediately after being force fed the capsule,

It is assumed, following the SRI report,]'9 that man would absord
about the same percentage of le!n as would a rat. Although such an
estimation is admittedly crude, the results are of interest. Given in
Table I are the percentages of original activity whichwere obtained in
the carcass plus urine. These figures, considering Animal No. 4 as

abnormal, represent a rough order of magnitude agreement with the
percentage assimilatec values given under Type I in Table III.

Since the fracture tests undoubtedly involved broken microspheres
a8 revoaled in Figure 7, a lower absorbed activity from the rat studies

would sppear reasonable., A comparison of data, however, between the two
sets of experiments does not support this hypothesis,

To evaluate the assimilation hazard of 1“TPm, assume that & 300 mCi
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lk?Pn luminous source of the type now available is campletely crushed
and 109 is ingested, admittedly a rather remote possidility. The amount
of sctivity assimilated bagsed on the above results would represent an
average of 7 X 10‘“‘ of the ingested activity, or about 0,2 uCi, From
the ICRP Publ. 2,18 adout 35% of this amount would end up in the criti-
cal organ, the bone, Since th. :aximum body burden for lu?Pm in the bone
18 69 WCi,?C then the activity in the bone would be of no biclogical
consequence.

Of more concern in the present ingestion atudies isg the dose
equivalent to the G. I. tract based on a single ingestion. From the
model for the G. I. tract,21 a single ingested intake of about 600 uCi
would deliver 7-1/2 rem to the critical organ, the lower large intestine.
This value for an NPI compares with a calculated value taken from
Brodsky and Bearle of 580 wCi in the G. I. tract to give 5 rem in
1 year. Tracerlab?Z has algo examined the dose to the lower large

intestine due to the passage of one 0.1 puCi lh7Pm psphere. A dose of

0.88 millirem per 0,1 uCi of 1u7Pm was calculated. The 600 uCi MPI
estimated in the present study implies, based on the Tracerlad study,
8 total dose to the lower large integtine of about 5.3 rem. These small

differences in the calculated doses are not important.

The accident considered above involving the ingestion of 10% of a
300 mCi luminous source would therefore exceed the MPI by & factor of
50. It is therefore conceivable that the MPI (for the dose to the G. I.
tract) could well be exceeded due to the partial ingestion of either of
the two types of 1h7?m devices considered,

When inhalation is present, which is probably not important for
the Type I micrcspheres because of their size, then the fraction
accumulated in the criticel organ (bone) is given by Brodsky and Beara®3
as 9%. The activity required to give 5 rem to the critical organ within
one year, and based on inhaling soluble material, is anly 181 uCi.16
The dose to the lungs should also be investigated if inhalation is
suspected. As an illustration, consider the L 7Pm particles to be
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insoluble and to vary in dismeter from 1.0 microns to 50 microns. For

1 micron diameter particles about 25% would be expected to end up in
pulmonary reglons of the lung, while at 50 microns the amount deposited
would have dropped to about 3%. The required inscluble activity
inhaled to give & dose of S rem per year to the lung is about 80 uCil6 .
Assuming only 10% is deposited in the pulmonary regions (such as the case
for a 20 micron diameter perticle), then 800 wCi would have to be inhaled
to give a 5 rem doge to the lung.

Due to the more easily removable surface activity of the Type II
device (Section 3.1), it is obvious that the Type II device presents a
greater potential contamination hazard, although the possibility of
this removable surface activity reaching & critical orgean in significant
amounts is still relatively low, For example, from the handling of one
Type II capsule, at least 0,005 uCi could be removed, which, of course,
exceeds the limit set for removable surface activity. Of this, up to
25% could be assimilated due to inhalation while only approximately
1 X 16724 could be assimilated by ingestion.

IV. CONCLUSIONS

The maximum hazards to user personnel due to acute exposures to an
accidental breakage of a tritium or a lu?Pm luminous device have been
estimated in terms of maximum permissible intakes (MPI), and our evalu-
ation of the activity available for assimilation. These hazards have
been summarized in TableV. The figures given, of course, can cnly be
regarded as rough approximations. Each potential hazard which might
arise should be considered separately whenever possible. For example,
the hazards due to the release of tritium will depend on the individual's
position relative to the point of tritium release, convection currents,
the time of exposure and the amount of tritium oxide present. For these
reasons, one of the more hazardous locations for an accident would be in
a small military vehicle as was described in Section 2.3. This accident
assumed the breakage of a  Ci tritium capsule, but as indicated in

Table V luminous capsules containing tritium are now available with
33
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activities up to 10 Ci. Tioe accidental release of activity from this
larger source in & confined area, of course, would lead to a correspond-
ingly greater dose,

It is found that the amount of tritium oxide released from the
btreakage of tritiumeactivated luminous capsules in room air can be as
high as 30%. This result should not be considered typical of all tritium
filled luminous capsules. Only one type was investigated in the present
report. Ccnceivably, tritlum activated luminous capsules originating
from different fabrication procedures might result in a smaller hazard.
Also, with respect tc confirmation studles, it would be highly
desiradle to have an independent and more direct experimental determin-
ation of the amount of tritium oxide released.

Also shown in TableV is a summary of the hezards concerning
ingestion and inhalation of 1 7Hm. Of most importance from the stand-
point of an accident would be the ingestion of a capsule and the result-
ing dose to the LLI, Although actual ingestion may appear as & rather
remote possibility, past experience, along with a wide distribution of
sources, points to an ever increasing likelihood thet a capsule will
find its way into the food supply.

Minimizing potential radiological hazards and contamination
problems is always emphasized from the health physicist's viewpoint,
Thus, the efficiency of the light output per maximum hazard for the
intended application should be used as the ultimate criteria for
selecting a particular device, Other selection criteria of lesser
importance include the sources' surface contamination, physical integrity
or strength characteristics, and uniformity between sources. The last
two factors, invelving the fields of mechanical and quality control
engineering, and although not the immediate concern of the health
physicist, should nevertheless be examined in detail. The basis ‘or a
radiological accident would certainly exist during the insertion of an
irregularly shaped capsule into a recessed receptacle., Among the
smaller tritium activated luminous capsules, numerous irregularly shaped
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